Introduction
Pain in the mouth or face is usually due to pathology of intraoral or adjacent tissue and patients with orofacial pain syndromes typically consult dentists. If no pathology of intraoral tissue including the teeth and mandibular joints is found, different nondental orofacial pain syndromes (Woda et al., 2005; Benoliel and Sharav, 2010) are diagnosed, often conditions that are not well understood and exceptionally difficult to treat (Wirz et al., 2003) . This subgroup of patients is most likely larger (Koopman et al., 2009 ) and more heterogeneous (May and Svensson, 2017) than previously thought. This is especially alarming as this subgroup of patients has a higher tendency to develop chronic pain conditions (Diener et al., 2011) and invasive treatment worsens their morbidity (Benoliel and Gaul, 2017) . Nonetheless, few epidemiological studies exist and therefore it is not known how large the percentage of patients with nondental orofacial pain actually is. Some studies suggest that the prevalence of chronic facial pain ranges between 7% and 11% in the general population Sharav, 1998, 2010) .
As dentists are usually the first specialists who see patients with orofacial pain (Zakrzewska, 2013) , it is crucial that they are able to detect them early in order to avoid invasive dental procedures and advise patients to seek pain therapy. The importance of knowledge about nondental orofacial pain amongst dentists can therefore not be overemphasized. Several studies indicated inadequate representation of teaching about pain for dental students and students of other health professions in their respective curricula (Watt-Watson et al., 2009; Briggs et al., 2011; Mezei and Murinson, 2011) . There are, however, only few and small-scale studies that explicitly looked at dentists' and dental students' understanding and knowledge of nondental orofacial pain syndromes (Aggarwal et al., 2011; Borromeo and Trinca, 2012) . These studies revealed that levels of knowledge amongst dental students and dentists about orofacial pain syndromes were rather low and concluded that more teaching about orofacial pain syndromes needs to be implemented into dental curricula.
We focused on nondental orofacial pain in dental practices and in cooperation with the Hamburg Dental Association ('Zahn€ arztekammer') aimed at assessing German dental students' and dentists' knowledge about nondental orofacial pain syndromes in a much larger cohort than previously examined and also to investigate treatment strategies of dentists for patients with nondental orofacial pain syndromes.
Methods
The study was approved by the local ethics committee of the chamber of physicians of Hamburg, Germany (number PV4113). A standardized survey (see Appendix S1) was sent to all 1,642 dentists listed by the Hamburg dental association as part of their official monthly newsletter. This includes general dentists and officially recognized dental specialists such as orthodontists, oral surgeons and oral and maxillofacial surgeons, as well as other acknowledged experts such as endodontists, implantologists or periodontists for example.
The selection of dental students was performed with assistance of the Vice Deanery for Student Affairs of the University Medical Center HamburgEppendorf. The dental students' questionnaire was handed out to all of Hamburg's 140 dental students who were within the last four clinical semesters before state examination. The dentists' and students' questionnaires were standardized, anonymized and contained 14 (dentists) and 11 (students) items, respectively. In addition to personal information such as age, sex, exact semester or year of licensure to practice, the questions were divided into four categories: (1) prescription patterns, (2) treatment strategies for nondental orofacial pain, (3) interdisciplinary cooperation and (4) self-assessment of knowledge and postgraduate education.
We conducted a descriptive statistics analysis of the collective data.
Results: Dentists
In total, we received 533 valid questionnaires from dentists which corresponds to a return rate of 32.5%. These included general dentists (n = 461, 87%), as well as dental specialists represented by orthodontists (n = 43, 8%), oral surgeons (n = 11, 2%) and oral and maxillofacial surgeons (n = 18, 3%).
This specific distribution of dental specialists ('Fachzahn€ arzte') is chosen based on the official German guidelines for further education of dentists.
Other acknowledged experts such as endodontists, implantologists or periodontists for example are general dentists with differing, nonstandardized levels of additional training in Germany and are therefore included in the group of 'general dentists'.
The percentage of patients, who presented themselves with orofacial pain as the leading symptom, was estimated to be 18.8% of all patients of the daily clinical routine. In the subgroup of oral surgeons, the mean percentage was 26.1%, and for the oral and maxillofacial surgeons, it was 24.7%. Orthodontists stated that an average of 4.1% of their patients presented themselves with orofacial pain as the main symptom.
Dentists were further asked to estimate the prevalence of different nondental orofacial pain entities amongst their patients: these were described as trigeminal neuralgia (TN), postherpetic neuralgia (PHN), persistent idiopathic facial pain (PIFP), atypical odontalgia (AO), burning mouth syndrome (BMS), temporomandibular joint dysfunction (TMD) and nonidentified facial pain. With the exception of TMD (14.1%), all other facial pain syndromes were estimated to account for less than 1% of patients each ( Fig. 1 ).
Prescription patterns (1)
The preferred prescribed pain medication (multiple answers possible) by far was ibuprofen with 87%, followed by paracetamol in 20% of the cases. Other pain medication prescriptions were rarely prescribed (metamizole 6%, acetylsalicylic acid 2%, codeine 3% and other opioids 0%).
These medications were mainly prescribed after dental extractions (71%) (multiple answers possible). In 65% of the cases, the option 'other reason' was chosen. Different surgical procedures, pain in patients due to pulpitis and pain following endodontic interventions were frequent answers in this section. About 25% of the dentists stated that they also prescribe pain medication when the cause of the pain was not clear and 10% stated that they prescribe these medications in neuralgic facial pain.
Typical medication for chronic pain syndromes such as antidepressants or anticonvulsants was not included as they are not prescribed by dentists in Germany (Halling, 2016) .
Treatment strategies for nondental orofacial pain (2)
Dentists were subsequently asked to rate how they would proceed with their treatment in patients with nondental orofacial pain syndromes. The different items were administration of pain medication, prescription of occlusal splints, periodontal treatment, dental restoration or referral to pain specialists. In the ordinal rating scale, the items ranged from 1 = it is unlikely, that I would use this treatment option to 6 = I would very likely use this treatment option.
The most likely strategy was the prescription of occlusal splints with a mean value of 3.71. The likelihood of referral to a pain specialist was evaluated at an average of 2.72 (Fig. 2) .
Interdisciplinary cooperation (3)
When asked to which specialist dentists refer patients, with no dental cause for their pain (multiple answers possible), the majority refers to ENT (ear, nose and throat) physicians (59%) and to oral and maxillofacial surgeons (54%) and 51% refer to TMD specialists. A neurologist was chosen by 47% and a pain specialist by 21%. 9% refer their orofacial pain patients to a headache clinic. Only 4% stated that they would not refer to any specialist (Fig. 3) .
3.4 Self-assessment of knowledge and further education (4) This part of the questionnaire assessed whether dentists felt confident in the diagnosis and treatment of orofacial pain. Answer boxes included the options 'not at all', 'somewhat', 'intermediate', 'good' and 'very good'. Regarding the diagnosis of orofacial pain, the majority (41%) assessed themselves as 'intermediate'. However, 10% stated that they did not feel confident in the diagnosis of orofacial pain and 25% declared they felt 'somewhat' confident. About 21% of the dentists stated their confidence as 'good' and 2% as 'very good'.
When asked about the confidence to effectively treat patients with orofacial pain, 21% stated that they did not feel confident at all, 29% felt 'somewhat' confident. About 33% stated 'intermediate', 15% 'good' and 2% 'very good'.
About 41% of the dentists had participated in postgraduate courses in pain treatment. About 81% stated that they were interested in postgraduate courses in pain treatment.
Results: Dental students
Dental students returned 130 valid questionnaires which corresponds to a return rate of 92.9%. n = 47 Figure 1 Dentists' mean estimated percentage of the prevalence of different chronic nondental facial pain syndromes amongst their patients (multiple answers possible, n = 533). Figure 2 Ordinal scale of the dentists' self-assessed likelihood of different further treatment strategies when no dental cause for facial pain in their patients can be found (n = 533). 
Self-assessment of knowledge and further education (4)
When asked about a lecture on the diagnosis and treatment of nondental orofacial pain, 76% of students stated that there was none. However, 83% of the students of the last (10th) semester stated that these topics were to a certain extent discussed in the lecture on 'gnathology and functional diagnostics' in the 10th semester.
In two multiple choice questions with short case presentations, 54.6% chose the right answer 'trigeminal neuralgia' (four possible answers) and 26.2% chose the right answer 'persistent idiopathic facial pain' (five possible answers) in the second question.
The dental students were then asked how well prepared they felt for the diagnosis and treatment of nondental orofacial pain (Fig. 4) . The possible answers were 'not at all', 'somewhat', 'intermediate', 'good' and 'very good'. They were also asked, whether dental students required more teaching in the diagnosis and treatment of orofacial pain syndromes and headache.
Regarding the diagnosis of orofacial pain, 92% felt either 'not at all' (56%) or 'somewhat' (36%) confident in the diagnosis of orofacial pain. Only 2% of the dental students rated their confidence in the diagnosis of orofacial pain as 'good' or 'very good'.
In their last (10th) semester, 30% of the dental students feel 'not at all' and 48% feel only 'somewhat' prepared for the diagnosis of nondental orofacial pain.
The confidence in therapy of orofacial pain patients showed similar results. About 62% of all dental students felt 'not at all' and 28% 'somewhat' prepared. Even 26% of 10th semester dental students stated that they did not feel prepared for the treatment of orofacial pain patients 'at all' and 48% chose 'somewhat'.
In a binary yes/no question, 98% of the dental students of the clinical semesters wished for more teaching on diagnosis and treatment of patients with orofacial pain and headache.
Discussion
The correct diagnosis and treatment of nondental orofacial pain is a considerable challenge for dentists in Germany. We reached out to the vast majority of Hamburg's dentists and all dental students in their clinical semesters. Our data comprise more than 600 complete questionnaires. Particularly when assuming, that dentists who decided to participate in this study were more aware of the topic of nondental orofacial pain than dentists who did not participate, these findings are highly relevant.
A pivotal finding of our study is the fact that in patients with orofacial pain but no dental correlate to the symptoms, the dentists of our study nearly exclusively suspect temporo-mandibular dysfunction -and thus again a mechanistic (dental/masticatory related) cause -although several alternative syndromes were listed (Fig. 1) . Given the reported Figure 3 Percentage of different experts to whom dentists refer their patients in whom they cannot find a cause for facial pain (multiple answers possible, n = 533).
prevalence of nondental orofacial pain in the literature (Macfarlane et al., 2002) , the estimated percentage of the spectrum of nondental orofacial pain syndromes in their patient pool is most likely too low. In orofacial pain clinics, PIFP may account for around 10-21% of the patient population (Benoliel et al., 2008; Wirz et al., 2010) but dentists in our sample would probably misdiagnose the majority of PIFP. The data of our study offer a possible explanation on why the correct diagnosis (nondental orofacial pain) is being missed in daily practice: only about one-fifth of the dentists stated that they felt confident or very confident in the therapy of nondental orofacial pain. Secondly, if the patient presents with the main symptom of pain but no dental origin is evident, a nondental origin is often not considered and a prescription of occlusal splints, periodontal treatment and dental restoration is more likely than referral to a pain specialist. Thirdly, if the patient is referred, the referral is rather to specialists likely to conduct invasive interventions: oral and maxillofacial surgeons, TMD-specialists and ENT physicians are among the most prevalent choices.
Our data show that dentists are aware that the interdisciplinary cooperation between dentists and pain specialists is essential in the treatment of patients with nondental orofacial pain (Wirz et al., 2010) . However, within the community of dentists, referral of patients to another dental or TMD specialist was a lot more common than from dentists to pain specialists. But why is this the case? Hamburg's dental students indicated that they did not feel well prepared for the diagnosis of nondental orofacial pain and unambiguously want teaching about nondental orofacial pain syndromes to play a greater role in their curricula. Education about headache and nondental orofacial pain syndromes, such as trigeminal neuralgia or PIFP, plays only a marginal role in the curriculum of the Hamburg school of dentistry. We note that dentists in Germany are by law only licensed to treat diseases of the teeth, mouth and jaws and therefore usually only prescribe pain medication (local anaesthesia, NSAID, Opioids) antibiotics and local fluoride applications. However, dentists should be enabled to detect orofacial pain syndromes that require a noninvasive approach and possibly treatment including antidepressants or anticonvulsive medication. Just as recognizing trigeminal neuralgia and referring these patients to neurologists for treatment, dentists should also recognize when not to use dental treatment (such as endodontic interventions or dental extractions) even though the patient may clearly project the pain to one specific region or even tooth. Most dentists appreciate this fact but do not know where to turn to or where to refer the patient. We note that this may be a particular German problem but the literature suggests otherwise (Benoliel and Sharav, 2010; Benoliel and Gaul, 2017) .
Our data clearly show that dentists and dental students are aware of the difficulties of multidisciplinary treatment strategies for patients with nondental orofacial pain but that further education and a closer interdisciplinary collaboration is definitely needed. One option could be to establish specialized pain clinics or to have more interdisciplinary pain conferences with a focus on orofacial pain, where different specialists collaborate and share their different angles of view and expertise on these patients. Specialized Figure 4 Self-assessed levels of preparedness for the diagnosis (left hand side) and treatment (right-hand side) of facial pain syndromes among dental students (n = 130).
and possibly multimodal pain courses for dentists, general practitioners, neurologists and anaesthesiologists are needed to heighten awareness for nondental orofacial pain.
A very important and sustainable option to improve awareness for nondental orofacial pain amongst dentists is the implementation of standardized and organized teaching on pain and specifically the differential diagnosis and treatment of orofacial pain syndromes into dental curricula such as the curriculum provided by the International Association for the Study of Pain (IASP) on Pain for Dentistry and Oral Health for example (Svensson et al.) . If dental students do not receive proper education on pain theory and orofacial pain syndromes but perceive orofacial pain as exclusively a mechanical (teeth or TMD related) condition, they will consequently struggle to detect nondental orofacial pain patients in their future practice. The result is frustration for dentists and patients alike and doctor hopping the consequence. Our results highlight the need for further improvement in postcurricular education. The community of dental specialists is clearly aware of their patients' unmet needs and appreciates education on pain. The vast majority of participants were highly interested in advanced training in pain therapy.
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